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(54) Reduction of formation water production upon well atimulatlon 



(57) The amount of water produced from a subter- 
ranean formatk)n as a result of stimulatksn of the sub- 
terranean fonnatksn. is reduced by introducing first and 
second reactive polymers which leak-off into the forma- 
tion and which subeequently react together to form a re- 



action product which selectively reduces the permeabil- 
ity of the formatksn to water flow through the fonnatksn. 
The reactive polymers react in situ to form a reaction 
product that binds to the f ormatk>n in such a manner that 
the flow of water is selectively retarded through the ma- 
trix white the flow of oil is substantially unaffected. 
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Description 

formation. n-te are used in a variety of operations and treatments carried out m 

[0002] High viscosity acpieouecroMhr^ked 

subterranean zones or fomations including. crosslinked gelled fluid is hydraulic 
Tom Anexanvleofaproductic^sjn^^^ 

racturing. In hydraulic fractunng ''««'r"l^; J?^ 'Sed T^t is. the fracturing fluW is p«nped through the 
particutete ptoppiifl agent, such as '^J^'^^^'^^J^l,^ fractures are formed and extended h the 

"""is M 1 -«.-«-Hnnnanca or a stimulation treatment in an oil or gas producing zone 

10005] Aproblemthatoftenoccursdurlngmepertejj^ 

which coniains high pemieability ^^^^''^ '^'^ ^SSston S^sS, instances, water production from the tor- 

producing zones concurrently v»i.h stimulatKX,orme<^^ 

ltionmay»«excessiv..requiringexpens|v^^ The remed«l 

loss of production. . f/^rmfltion mav be treated to selectively redi«e the per- 

[^'''C^e^^Lfoundawayofreduc^format^weterproduc.^ 

" iSle, /^*ngtothepresent.vent^..herelspr<.id^^^ 
S^onofasubterraneanfom^ionj.^1^^ 

asecond reactive polymefcapable o^^mer^^gw^^^ ^^^^ gaiactomannan gelling agent and 

into the matrix ol said 1om«tion; "'"f Be«ed fl^^^^ 9 v ^^^^ ^ ,„ ^. 

water into said fom«tion at a '^.^/''^J^^J^^^ the first and second reactive polymer, to 
mation; and shutting-in saKJ well ^"'^'J?^-^ 5 said subterranean fomiation to water, 
polymerize in said fonnation to selectively reduce the ff^^^^'^^,,^^ o, a tteatment fluid into the well- 

ESSf in one embod^nent. the ^^^^^'''^^^r^i^SX^ -^^ « 
L,reiarate and p«8sure Slightly below or bareV«^a^^^^ 

comprised ol water, an optional grated ga.«^^ polymer and a pH 

polymer capabted reacting n s*j wrth ^''.J'^' ^JSg to ihe fluidcontaining the reactive polymers. The 
Sustngagem capable dp««^^^ 

treatment fluid then » followed with f Af""^^^^ proppant into the fractures. In one preferred embodl- 

created fractures into '^^'^'^^^^JT^^^^ S^tectomannan gelling agent and any additional 
ment the gelled fluid is basically treating fluid In an amount In the range 

desired additives. The gaiactomannan gelling agent Is ™ ^ 

Of irom about 0.06% to about 0.72% ««'*«^ 'II^at^Tie initated by introduction d a treatment fluid that may 
[OOiq in another embodiment, the st«,ulat«n "^^T^^^^ZeLi pressure sufficient to create at least one 
tncJeahydratedgalactom^nan gellN^g^^^^^ ^ comprieed of 

fracture in the subterranean fonnation. The in situ with saidfirst reactive polymer 

water, a first reactive polymer and « ^ enable of providing a pH in excess of about 9 to 
to fom, a polycationic branched P*^*"",^" ^^"^1^ treatment fluid is introduced at a rate and 
the fluid containing tt,e reactive polymem^ l^Z^^S^Z retired to extend the initially created fracture 
pressure sufficient to maintain the created frac^eej^j face into the formation at substantially 

SrJSLlf«.ur.gtr«jmen.^^^^^^ 
[00111 In yet another ennbodiment, \Miere a high permeaDHiiy suoiw 
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treatment is initiated by introduction of limited quantity of a gelled or crosstinked gelled aqueous fluid to create at least 
one short fracture in the subterranean formation. The created fracture is pemriitted to at least partially close and a 
treatment fluid basically comprised of water, an optional hydrated galactomannon gelling agent, a first reactive polymer 
and a second reactive polymer capable of reacting in situ with said first reactive polymer to form a polycationlc branched 
polymer and a pH adjusting agent capable of providing a pH in excess of about 9 to the fluid containing the reactive 
polymers. The treatment fluid is injected ata sequentially increasing rate whereby fluid is caused to flow into the fracture 
and initially leak off into the matrbc near the weNbore and as the rate is increased the fluid wfll cause reopening and 
extension of the fracture and treatment flukJ then will enter the tomnation matrix farther away from the weltbore. The 
final stages of the treatment fluki may include propping agents. 

(0012] The methods of using the improved welt treating fluids of this invention are bask^ally comprised of the steps 
of preparing such treating flukjs and then pumping the treating flukte into a subterranean zone or formatbn penetrated 
by a wellbore. The well then Is shut-in for a suffksient period of time to permit the in situ polymerizatton to occur. 
[0013] The shut-in time nr«y vary from as little as several hours to over 24 hours. Preferably the wellbore is shut-in 
for at least about six hours and most preferably about 12 to 18 hours. 

[0014] The aqueous well treating fiukJs used in the present invention are simple to prepare and utilize a selected pH 
level to facilitate the formation of the in situ reaction product in the introduced flukt Both the gelled treatment fluid and 
the crosslinked gelled treatment fluM are comprised of water and a hydrated galactomannan gelBng agent atong with 
selected other constituents. 

(OOiq The water utilized to form the well treating flukJs of this Invention can be fresh water, salt water, sea water, 
brine or any other aqueous IqukJ which does not adversely react with other components of the treating fluid. The water 
used in well treating flukJs normally contains one or more salts for inhibiting the swelling of clays in the subterranean 
fonnatksns or zones being treated or to weight the treating fluid. The most common clay inhibiting salt utilized is po- 
tassiunri chterWe, but other salts can also be used. The pH of the water is preferably in the range of from about 6.0 to 
about 8.5 to facilitate the hydratkx) of the galactomannan gelling agent utilized. 

[OOiq The galactomannan gelling agents whfch can be used in accordance with the present invention are the nat- 
urally occurring gun^s and their derivatives such as guar, tocust bean, tara. honey locust, tamarind, karaya. tragacanth, 
carrageenan and the like. These gums are generally characterized as containing a linear backbone consisting of man- 
nose units having var»us amounts of galactose units attached thereto. The gums can also be characterized as having 
one or more functkanal groups such as cis-hydroxyl. hydroxyl. carboxyl, sulfate, sulfonate, amino or amkte. Of the 
various galactomannan gelling agents whch can be utilized, one or more gelling agents selected from the group of 
guar, hydroxyethylguar, hydroxypropylguar. carboxymethyfguar, carboxymethylhydraxyethylguar and carboxymethyl- 
hydroxypropyiguar are preferred Of these, guar is the most preferred. 

10017) When one or nnore of the above menttoned glactomannan gellhg agents are dissolved in water, the gelling 
agents are hydrated and a viscous aqueous gel is fonmed. In accordance with this invention, the galactomannan gelling 
agent or agents utilized are dissolved in the water in an amount in the range of from about 0.06% to about 0.72% by 
weight of the water, more preferably in an anrtount in the range of from about 0. 12% to about 0.36%. most preferably 
about 0.30%. 

[OOiq The first reactive polymer comprises an alkyi acrytate polymer of the general fomiula: 
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whfch is reacted in situ with a polyethylene oxide chain (OCHg CHg) that can be capped or terminated by hydrogen, 
hydroxyl. C^-Cg oxyalkyi, Cg-Ce oxyaryl. oxy (2 hydroxy-3-chtoropropane) or Oxy (-2, 3 - oxypropane) and the like. 
Preferably, the polyethylene oxkto chain is reacted with epchtorohydrin. The reactkxi of the two reactive polymers 
yiekte compounds of the generai formula: 
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anion associated With the quatemaiynrtrogen, suchaechlorirewnananBp*- jr 

oKida chain is capped with methyoxy tor P"^P«X^J!irr Stmentnuid in an amount of from ^ 
[OOiq ThefirstreactivepolymersonerailiMsaAmed*^^^ 

\ope«.ntbyweiflhtof1het,eatm«.tflud^^^^^ 

iaadmixedwimmetrealmentf1u|d«a^^ 

The admixture then » to the matrix as a result of its calionic nature. 

K"Thetre.m.tJu«isto„o«^ 
S"-a«ema..e^od....whena^2P^^^^^^^ 

pcymers may he «^o6^^^J^ r^^TrglSi^isSd^uid. In this instance, a quantity of the geBed 
crosslinked gelled '>'V>aoMnu\ae»j»^pa^^ ^ ^a^ure « 

or c««8«inked fluid is int«xJuced into '^^.^''^J'^T^^^^^^^^^^ one variation, and thefirst and second 
the subterranean formation. Thefraclureispermttj^Jtea^^ ^„ .^^^^ ^ 

reactive polymer, are introduced as a ^^P^'^J^J^f,^^ chloride^ the like and a pH 

quantity of a clay control additive such a, f^'^'T f^^^g^^J^*^^ 9 and most preferably to 11-12. 
adju-ing agent such^^-.^^^^ 

The roactiv© polymereafo ntroduced ai ® ^^"^'^"f, ^ injection rate and pressure increase, the 

and ^itially •^^jJJjrS Ij^'JeS^^^^^ 
fracturewiil reopen andbeextendedT>«UMU2^ ^ 

for placenrtent in the created fracture. 
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[0025] The water and gelling agents of the crosslinked gelled fluid, when present, may be any of those prevbusly 
described. Preferably the crosslinking agent comprises a borate composition which provides buffering to the treating 
fluid as well as crosslinking the hydrated galactomannan gelling agent in the treating fluid. Preferably the borate 
crosslinking composition is a lk)uid solution generally comprised of water, a sokjble boron source such as boric acid 
and an alkanolamine or alkylamtne. The water utilized in fomiing the borate compositkxi is preferably fresh water, but 
other aqueous liquids can be utilized so kxig as they do not adversely react with or othenwise affect other components 
of the borate composrtnn or the treating flukJ formed therewith. The water can include one or more freezing povit 
depressants such as ethylene glycol, propylene glycol, akxDhols or the like to prevent the borate compositwn from 
freezing in coW weather. Preferably, ethylene glycol is combined with the water used in an amount of 50% by weight 
of the resulting solutkxi whch depresses the freezing point of the borate composition to less than about -20»F The 
term "water' when used hereinbek>w relating to the borate compositnn means water or other suitable aqueous liquid 
with or without one or more freezing point depressants dissolved therein. The water is preferably present in the borate 
compositk)n in an amount in the range of from about 96% to about 5% by weight of the composition, most preferably 
about 60%. 

'5 [0026) The boron source can comprise substantially any boron containing compound capable of yiekling borate In 
a solutk)n maintained at a pH above about 7. The boron source can be provided by for example, boric acid, boric 
oxkJe, pyroborte ackl, metaborfc ackj, borax, sodium tetraborate and the like. For simplicity, reference will hereinafter 
be made to borate or boron content as boric acid or borfc acid equivalents. That is, if a weight percentage is specified 
for boron content as borte acid, it is to be understood that a chemical equivalent amount of, for example, borax or 
20 sodium tetraborate could be substituted for the boric ackj. 

[0027] The boron source is preferably present in the crosslinking composition in an amount as boric acid in the range 
of from about 3% to about 82% by weight of the compositkxi, most preferably in an amount of about 30%. 
[0028] A variety of alkanoiamines or alkylamines can be utilized in the borate croselinkvig compositkxi, but the quan- 
tity of boron in the compositkxf is reduced as the molecular weight of the amine included in the compositkxi increases. 
Thus, it is preferred that a relatively low molecular weight alkanolamine be used such as an ethanolamine. The most 
preferred low molecular weight alkanolamine is mono-ethanolamine. The use of a tow molecular weight alkanolamffie 
in the borate composition produces the further benefit of making the compositkxi coW weather stable, i.e., the compo- 
srtion without a freezing point depressant therein does not crystallize or the like at tow temperatures down to about 
5«F. Other suitable alkanoiamines include diethanolamtne, l-amino-2-propanol, 1-amino-2-butanol and the like. The 
alkyiamiies can comprise an aliphatic polyamine such as. for example, ethylenediamine, dielhylenetriamine. triethyl- 
enetetraamine, 1 .2-diamlnopfopane. tetraethylenepentamine and the like. The alkanolamine or alkylamine is generally 
present in the crosslinking and buffering composition in an amount in the range of from about 1% to about 13% by 
weight of the compositkxi. When nfKXio-ethanolamine is utilized, it is preferably present in the composition in an amount 
of about 10% by weight of the compositkxi. 
3S [0029] A parttoularty preferred hi^ly concentrated, stable crosslinking compositkxi useful in accordance with this 
inventton is comprised of water present in an amount of about 60% by weight of the composition, boron catoulated as 
borw acto present in an amount of about 30% by weight of the compositkxi and mono^thanolamine present in an 
amount of about 10% by weight of the compositton. This composition is stable and Is easily pumped and metered at 
low temperatures. The borate ton concentratton in the composrtion is very high, and the compositkxi has the ability to 
40 buffer the resulting treating flukJ to a pH between about 8.4 and 9 without the need for any other chemicals such as 
caustto. sodium carbonate or other buffer. 

[0030] The crosslinking compositkxi comprised of water, a boron source and alkanolamine or alkylamine is present 
in the borate crosslinked gelled aqueous weO treating fluids of this inventton in an amount in the range of from about 
0.05% to about 0.8% by weight of water in the treating fluids, preferably in an amount in the range of from about 0 1 5% 
46 to about 0.4%. 

[0031] A parttoulariy preferred borate crosslinked gelled aqueous welt treating fluid is comprised of water, hydrated 
guar present m an amount of about 0.30% by weight of the water and the preferred borate composition for buffering 
the treating fluto and crosslinking the hydrated guar comprised of water, boric acto and mono-ethanolamine described 
above present in the treating fluid in an anxiunt of about 0.2% by weight of the water. 

[0032] In yet another embodiment, after at least one fracture has been created in a subterranean formatton penetrated 
by a weilbore by introductton of a stimulatton flukJ, a treatment fluxi including the reactive polymeiB is introduced into 
the created fracture. The treatment fluM is bask:ally comprised of water, an opttonal hydrated galactomannan gelling 
agent, a first reactive polymer and a second reactive polymer capable of reacting in situ with sato first reactive polymer 
to form a polycattonic branched polymer and a pH adjusting agent capable of provtoing a pH in excess of about 9 to 
the fluid containing the reactive polymers. The treatment fluid is introduced at a rate and pressure such that the created ' 
fracture is maintained in an open condition but the rate and pressure are be tow that required to significantly extend 
the fracture. The treatment fluid is thereby permitted to leak off into the fomnatfan atong the fracture face at substantially 
matrix ftow rates. The reactive polymers then are penmitted to react to form the branched polymer in the matnx at the 
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TTeJ^eT^^ V^^^Tt^'' ^ P~'"*^ ^ ^2 to 18 hours. In such treatments. 

H^?^ a^lCt^h as sJ^d which is W.nded in the geHed orcrosrtlnked ueatingflud a«lcarr«» 
^^SJ^Ji SSSs^ed therein. Thereafter, during the shut-in period the gelled or crosslnlced fluids 

r^ert tSt thh fluid which can be reverse flowed out o. the fractures lea«nfl the proppant 
T ^!^^J'^J,Z^^\hen may be initiated from the treated subterranean (omations. 
K '^^^uSSSJSitrselSivepe™^^^ 
the following example is provided. 

EXAMPLE 

rM3« The foltowina laboratory flow studies were porfo^ . 

ohoiit ino nai unia a relative Initial water permeability is estabitshed. 
SST K^r^rien SCed through thTcore to establish an ..itial ol pemu^bilit^ '^JT^Z'^^ 
S^SeatsJXrtimes to establish an average initial perrn^^^ 

reSTpolymw. in a pH adjusted aqueous fluid. After the polymers have been pemirttod to react, bnne 
S S^lSS^n detSm-inS. by flowing either Standard API Br^e or ke«sene through the cor. unt.1 a 

SSrSr:SJ!?o?,::tS:Sd the concentration of the reactive polymers, solution pH and relat^^e change in 
permeability for the oil and water flows are set forth below in Table 1. 



TABLE 1 






Sample No. 


Temperature 


pH 


Concentration Reactive Polymers 
1/2. WT. % 


Retained Wiater 


Perrneability%ai 


1 
2 
3 
4 
5 
6 


140 
140 
140 
110 
200 
214 


12 
12 
12 
9 
12 
11.5 


2.5/2.5 
2.5/2.5 
5/5 

6.25/6.25 

5/5 

5/5 


83 
78 
40 
31 
31 
6 


192 
233 
100 
84 
58 
27 



40 



4S 



[00401 The test results demonstrate the ability of the reactive polymers to selective^ reduce core permeability to 
water flow while not preventing oil flow through the various core samples. 



CtabTW 



» 1 A method Of reducing fom«tion water production upon stimulation of a subterranean '^"l^*^ 
coTn^^^trodudngasolutionolafirstreactivepo^ 
S^rJst reactive polymer, intoasubterranean tarnation and into the m«^ 

Sfe?fl^iS.^^ingS^;dratedg^^ 

rJ^Jn^ tocr«ate a fracture and ttextend said fracture in said formation; and shutting* said weH for a sufficient 

« ;SSi*«niC"l^^^^^^ 

the permeability of said subterranean formation to water. 
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2. A method according to claim 1 . wherein said solution of reactive polymers has a pH or at least 9. if necessary by 
the addition of a pH adjusting agent. 

3. A method according to claim 1 or 2. wherein said welt is shut-in for at least 6 hours. 

4. A method according to cl^im 1, 2 or 3, wherein said first reactive polymer is an alkyi acrylate and said second 
reactive polymer is a polyethylene oxide chain. 

5. A method according to any of claims 1 to 4. wherein the polymerization yields compounds of the general formula: 
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wherein X is from 10 to 15.000, Y is from 1 to 5,000. 2 is from 2 to 10,000. A' is an anion associated with the 
quaternary nitrogen and R is hydrogen, hydroxyl, C^-Cg oxyalkyl. Cg-Ce oxyaryl, oxy (2 hydroxy-3-chloropfopane) 
or Qxy (-2.3-oxypropane). 

6. A method according to claim 5. wherein R is -OCH^. 

7. A method according to any of claims 1 to 6, wherein a gelled fluid is introduced into the subterranean formation, 
prior to introduction of the reactive polymers, to create a fracture and said gelled fluid introduced after the reactive 
polymers extends the previously created fracture. 

8. A method according to claim 7, wherein the gelled fluid introduced after the reactive polymers is a crbsslnked 
gelled fluid to whteh a propping agent is added to prop at lea^ a portion of the extended fracture. 

9. A method according to any of claims 1 to 8. wherein said first and second reactive polymers are introduced into 
saki formation in admixture with at least a portion of said gelled f\M, 

10. A method according to any of claims 1 to 9. wherein the pH is acQusted to at least 11 by additk)n of a pH adjusting 
agent. 
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(54) Reduction of formation water production upon well stimulation 



(57) The amount of water produced from a subter- 
ranean fonmatnn as a result of sttmulatkxi of the sub- 
terranean formation, is reduced by introducing first and 
second reactive polymers which leak-cff into the forma- 
tion and which subssquently react together to form a re- 



action product which selectively reduces the permeabil- 
ity of the formation to water fk>w through the formation. 
The reactive polymers react in situ to form a reactk)n 
product that binds to the formatkxi in such a manner that 
the flow of water is selectively retarded through the ma- 
trix while the flow of oil is substantially unaffected. 
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